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Conventional



Role of	imaging in	Radiation	Oncology

Diagnosis
Staging :	locoregional,	systemic

Characterization :	Mp	imaging,	IB,	hybrid approaches

Prognostic evaluation
Conventional Radiation	Oncology purposes

segmentation

planning	

delivery,	motion management	and	adaptive approach

acute	toxicity

Follow up	:	response,	relapse	and	late	toxicity



Theragnostics

The	use	of	diagnostics

to	tailor therapeutic approaches

thus facilitating

personalized medicine	

Bentzen S.	- Lancet	Oncology 2005



Theragnostic	imaging paradigm

Diagnosis
Staging

Target volumes &
Planning

In room imaging (IGRT)
Off-line    /    On-line

Theragnostic Imaging
(biologically adapted

prescription)

Response evaluation

Tumor recurrence

Late toxicity

BEFORE AFTERDURING

Modified from	Bentzen S.	- Lancet	Oncology 2005



High	technology	opportunities

Dose	sculpting

Courtesy of	Verellen D.	- 2013

2	D	Planning 3 D	Planning IMRT	Planning



High	technology	opportunities

Towards small	(and	differently visible)	target	volumes



UNconventional





Main objective: higher dose	delivery	to	targets	and	toxicity
reduction with	organs at risk sparing through image	

optimization

Metabolic and	functional imaging:	new	targets,	dose	
painting,	new	toxicity paradigms

Adaptive therapy:	intra- interfraction,	movement

management,	autosegmentation	



MRI	in	treatment	room	requires	a	fully	integrated	solution:

1.	MRI	– Linac
designed	in	UMC	– Utrecht

8	MV	accelerator,	FFF

Modified	1.5	T	Philips	Ingenia MRI	

Linac mounted	in	ring	around	MRI

Raaymakers	et	al.	Phys	Med	Biol	-2009 Courtesy	of	Uulke	van	der	Heide



MRI	in	treatment	room	requires	a	fully	integrated	solution:

2.	MRI	– 60Co
MRIdian®	(ViewRay)
0.35	T	MRI	split	magnet

Real	time	imaging	4	frames	per	second

3	60Co	heads	(15.000	Ci	each)	on	a	ring	gantry

Bore	size	:	69.3	cm

Primary	collimators	directly	under	the	sources

MLC	:	30	leaves





GRE:	Gradient Echo - Proton	density,	T1,	T2	- 2D	GRE	is 25	sec	per	image

TRUFI:	TRUe Fast	Imaging with	steady	state	free	precession – T1,	T2	– 25	sec	3D	 planning/pilot,	0.25	sec	

treatment	scan

TFL:	Turbo	Flash	– T1,	mix	T1/T2	– 3	min

EPI:	Echo Planar	Imaging – T2,	mix	T1/T2	– 0.25	sec	per	frame

SE:	Spin	Echo

Courtesy	of	VIewRay:	00016	technical	manual	revG



Localization	imaging

Image	registration

Adaptive	re-planning	(if	needed)

Treatment	execution
• MR	in-line	monitoring

Dose	accumulation





1.5 T                            0.35 T



• MRI	for	in-room	imaging	opens	a	new	era	in	radiation	
treatment	workflow

• This	new	technology	brings	many	expectations	and	multiple	
critical	issues

• Need	to	multi-centric cooperation,	common lexicon for	MRI-
RT

• Possibility	to	have	a	new	tool	for	prognostic	evaluation
during the treatment execution

• Need	to	create	a robust	QA for	dose accumulation algorithms
• Evaluation	of	impact	of	accumulated doses on	outcome

prediction





Deliverable:	 Measurement	of	Organ	Motion	
Collaboration:	 Specificmetrics 3D/4D	

«Features»	to	MRIdian	





Calipso	- VARIAN MRIdian - VIEWRAY





GAMMA.ADAPTIVE:	Adaptive



GAMMA.RADIOMICS

Fenotipico

Biologico Genetico

Radiomica



Much more	than vessels and	cells...

Hanahan D.	and	Weinberg	RA.	- Cell	- 2011



Tumor	heterogeneity

Vogelstein B.	et	al	- Science	- 2013



Tumor	heterogeneity

Gerlinger M.	et	al	- NEJM	- 2012



Gerlinger M.	et	al	- NEJM	- 2012



Tumor	heterogeneity



Tumor	&	treatments heterogeneity

Biomarkers

Non	invasive

Low-cost

Reliable

Easy	

RADIOMICS

Tumor	heterogeneity management



Radiomics
Radiomics is	the	process	of	extraction	of	
quantitative	features	from	standard	radiological	
imaging	for	clinical	decision	making	tool.

Texture	Analysis,	Histogram	Analysis	and
Morphometric	Analysis	represent	the	three	main

approaches	for features	extraction.
Dedicated	software	needed.

Lambin P.	et	al	– Eur J	Cancer - 2012



Lambin P.	et	al	– Eur J	Cancer - 2012

Radiomics:	features extraction



Radiomics evaluation

• Not invasive
• Repeatable
• Analyzes entire tumor	

volume	

• Uses diagnostic exams

already available

• Cheap

Histological evaluation

• Invasive
• Difficult to	repeat
• Tumour sample	not

always are	representative

of	the	whole volume	

(tumor	heterogeneity)

• Expensive



Radiomics analysis

Image	collection Segmentation

Features extraction Analysis	and	modeling



Radiomics:	features extraction



Gemelli	206	pts	database	
time	frame	2008-2014

Pre treatment	T2	MRI,	HR
sequences noise filter

TRG	Availability

173	pts	
final	database

24	pts	exclusion

9	pts	exclusion

1.	ROI extraction

2.	Pre-processing:
- LoG filter application

3.	Data	analysis (Moddicom):
- Model	construction
- Model	validation

KBO	Radiomics:	rectal cancer experience



MRI ROI	extraction Filter	application

Kurtosis,	Skewness,	Entropy	

KBO	Radiomics:	rectal cancer experience



s = 0.49

s = 0.69

KBO	Radiomics:	rectal cancer experience



The	following variables were evaluated with	multivariate	logistic analysis for	173	rectal
cancer patients
cT
cN
GTV	Volume
GTV	Surface
Equivalent Sphere	Volume	/	GTV	Surface
Entropy s	=	0.49
Skewness s	=	0.69

Final model:

Coefficients:

Estimate	Std.	Error z	value Pr(>|z|)			

(Intercept)						 -5.1466					3.9229		-1.312		0.18954			

cT -1.0442					0.3584		-2.913		0.00358	**
cN 0.5350					0.3412			1.568		0.11689			

Entropy Sigma 0.49			3.2354					1.6420			1.970		0.04880	*	
Skewness Sigma 0.69		-3.1480					1.1601		-2.714		0.00666	**
---

Signif.	codes:		0	‘***’	0.001	‘**’	0.01	‘*’	0.05	‘.’	0.1	‘	’	1

KBO	Radiomics:	rectal cancer experience



From	Radiomics to	nomograms



AUC	=	0.73

Internal	validation	

5000	bootstrap	resampling	

TRIPOD	1b
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External	validation	

25	cases	MAASTRO	

TRIPOD	3

AUC	=	0.77



KBO	Radiomics:	rectal cancer experience

Internal	validation	 External	validation

KBO MAASTRO	
173	Patients 25	Patients

47/173	pCR (28%) 7/25	(26%)

T2-w T2-w

Slice	thickness	3	mm Slice	thickness	3	mm

RM	GE	Signa Exite @1.5	T	 RM	Achieva @	1.5	T



KBO	Radiomics:	features extraction



Object	that presents the	same weave on	different scales
scale	invariance

Koch	curve

Ponteconi	et	al,	2016;	Cross	et	al,	1998;	Waliszewski P,	2016

Fractals



Fractal	dimension
The	parameter that characterizes a	fractal is the	fractal dimension

Measure of	object’s complexity

Low FD Pronged system

Compact	systemHigh	FD

Koch	curve

Penrose distribution

S ! = !#$ 1 < '( < 2

Mandelbrot	B.	The	fractal	geometry	of	nature. 1982	



KBO	Radiomics:	features extraction



Personalization by	Radiomics



KBO	Radiomics:	features extraction



From	Radiomics to	nomograms

?



Clinical	Data Imaging	Data

Data	sharing

Genetics

Lambin P. et al - Eur J Cancer - 2012
Valentini V. et al - J Clin Oncol - 2011

Data	from	different	sources	and	contexts	could	highly	improve	our	knowledge





What	we	would	need to	share

What	we	are	
willing to	share

What	we	are	able
to	share

Data	sharing



Willem	et	al	BMC	Public	Health,	2014

Which	barriers?
Data	sharing



- transparency	and	cooperation
- reproducibility	of	research
- cost-efficiency
- preventing redundancies
- acceleration	of	discovery	and	innovation
- making more	efficient	and	
effective public health programs

Benefits
Data	sharing
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Part	IV	:	Response	evaluation	and	Follow	up	by	Imaging	



Looking	to	(a	near)	future

• New	segmentation	and	planning	techniques	(e.g.	
imaging	biomarkers)

• New	paradigms	of	IGRT	and	adaptive	real	time	RT

• New	hybrid	techniques	and	machines

• New	prognostic	stratification	systems	and	clinical	
decision	tools

• New	radiomics perspectives	and	clinical	integration
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